A simple and efficient procedure for synthesis of 4,4′-(arylmethylene)bis(1H-pyrazol-5-ols) by one-pot three-component condensation of aromatic aldehydes, ethyl acetoacetate, and phenylhydrazine/hydrazine hydrate under solvent-free conditions in the presence of [Et 3 NH][HSO 4 ] as catalyst is described. The present protocol offers several advantages such as using a reusable and cost-effective ionic liquid, high yields, simple procedure, easy work-up and eco-friendly reaction conditions.
INTRODUCTION
4,4′-(Arylmethylene)bis(1H-pyrazol-5-ols) are applied as fungicides 1 , pesticides 2 and dyestuffs 3 . The condensation of aldehydes with two equivalents of 3-methyl-1-phenyl-5-pyrazolone is a conventional chemical approach to 4,4′-(arylmethylene)bis(1H-pyrazol-5-ols). Many catalysts have been used for this transformation such as xanthan sulfuric acid 4 , phosphomolybdic acid 5 , silica sulfuric acid 6 , 3-aminopropylated silica gel 7 , sodium dodecyl sulfate 8 , [Cu(3,4-tmtppa)](MeSO 4 ) 4 9 , PEG-SO 3 H 10 , cellulose sulfuric acid 11 , lithium hydroxide monohydrate 12 , 1,3,5-tris(hydrogensulfato) benzene 13 , sulfuric acid ([3-(3-silicapropyl)sulfanyl]propyl)ester 14 , ethylenediammonium diacetate 15 , [Sipmim]HSO 4 16 , TEBA 17 , ceric ammonium nitrate 18 , silica-bonded S-sulfonic acid 19 , 2-hydroxyethylammonium acetate 20 , 1,3-disulfonic acid imidazolium tetrachloroaluminate 21 and 1-sulfopyridinium chloride 22 . Catalyst-free protocol and the electrocatalytic procedure were also applied to the preparation of 4,4'-(arylmethylene)bis(1H-pyrazol-5-ols) [23] [24] [25] [26] . All of the aforementioned procedures include two main steps: (1) 3-methyl-1-phenyl-5-pyrazolone should be synthesized from phenylhydrazine and ethyl acetoacetate firstly 27 , and (2) then 3-methyl-1-phenyl-5-pyrazolone reacted with aldehydes. Even though, 4,4′-(arylmethylene)bis(1H-pyrazol-5-ols) could be synthesized by these methods, most of the methods suffer from limitations such as long reaction time, use of expensive catalysts, the requirement of special apparatus, tedious work-up procedures and noncompliance with green chemistry protocols. Therefore, finding an efficient and eco-friendly protocol for the preparation of 4,4′-(arylmethylene)bis(1H-pyrazol-5-ols) is of obvious importance.
In green chemistry, elimination of volatile organic solvents in organic synthesis is a most important goal. Solvent-free conditions makes synthesis simpler, save energy, and prevent solvent waste, hazards, and toxicity [28] [29] . Ionic liquids have been widely used as environmentally benign reaction media and catalysts in organic synthesis because of their unique properties of nonvolatility, nonflammability, and recyclability 30-31. Recently, the use of acidic ionic liquid [Et 3 NH][HSO 4 ] has received considerable attention as a cheap and easily available reagent in organic reactions [32] [33] [34] [35] [36] [37] . In continuation of our work on the application of acidic ionic liquid for development of useful synthetic methodologies [37] [38] , we report herein, an alternative protocol for the one-pot three-component synthesis of 4,4′-(arylmethylene)bis(1H-pyrazol-5-ols) derivatives starting directly from aldehydes, phenylhydrazine/hydrazine hydrate and ethyl acetoacetate using [Et 3 NH][HSO 4 ] as an efficient, costeffective and recyclable catalyst under solvent-free conditions (Scheme 1).
EXPERIMENTAL

Material and instruments
Melting points were determined on a X-4 micro melting point apparatus and are uncorrected. FT-IR spectra were obtained as KBr pellets on a Nexus 470 spectrophotometer. 1 4 ] (0.5 mmol) was stirred at 90 °C under solvent-free conditions. The progress of the reaction was monitored by TLC using EtOAc/petroleum ether (1/2) as eluent. During the reaction process, a solid product spontaneously formed. After completion of the reaction, the reaction mixture was cooled to room temperature. The resulting solid was recrystallized by using ethanol (95%) to afford the pure product. The filtrate containing catalyst was evaporated under reduced pressure to give the catalyst which was used for the next run under similar reaction conditions. All the products are known and were identified by comparison of their physical and spectroscopic data with those of authentic samples. The spectral data of products are given below: 4,4′-(Phenylmethylene)bis(3-methyl-1-phenyl-1H-pyrazol-5-ol) ( 
RESULTS AND DISCUSSION
In order to optimize the reaction conditions, the reaction of phenylhydrazine, ethyl acetoacetate and 2,4-dichlorobenzaldehyde was selected as a model reaction. The reactions catalyzed by various ionic liquids were carried out under solvent-free conditions at 50 °C. The product was obtained in 65%, 31%, 42% and 31% yield, respectively ( 4 ] was an effective catalyst for this condensation.
Then the reaction temperature was examined and 90 °C was found to be the optimum temperature. Reducing the temperature from 90 °C led to a longer reaction time. Raising the reaction temperature from 90 to 100 °C did not increase the yield and also did not improve the reaction rate. We also evaluated the amount of catalyst required for this transformation using 5 mol% and we obtained 69% yield. Maximum yield (86%) was obtained when the reaction was carried out with 10 mol% of the catalyst. Any further increase of catalyst loading does not affect the yield ( 4 ] was found to be 10 mol% relative to reactants. The catalyst plays a crucial role in the reaction. The condensation reaction gave very low yield in the absence of catalyst (Table 1 , entry 10).
To compare the efficiency as well as capacity of the solvent-free conditions with respect to solution conditions, various solvents were examined. The results showed that reactions in solvents take more time and also the yields are low compared to the solvent-free conditions (Table 1 , entries [13] [14] [15] [16] [17] [18] . Water has been identified as an ideal solvent because it is abundant, inexpensive, non-flammable and environmentally benign 40, 41 . However, when the reaction was carried out in water, the expected product was obtained only in 18% yield after 2 h. This may be explained due to the decreased diffusion of the reactant molecules in the presence of the solvent. Considering the importance of green chemistry, the solvent-free reaction conditions are the advantageous aspect of the present method, since it avoids the use of environmental hazardous and toxic solvents.
In order to establish the generality, the catalyst was successfully applied to the reaction by using different aromatic aldehydes with a wide range of ortho-, meta-and para-substitutions under the optimized reaction conditions. The results are summarized in Table 2 . It is clear from this table that, high product yields were obtained with aromatic aldehydes containing electron-donating and electron-withdrawing substituents. Furthermore, the reaction is compatible in the presence of various functional groups such as -Cl, -OCH 3 , -NO 2 and -OH. When changing phenylhydrazine into hydrazine hydrate, a similar result was given; the reaction gave the corresponding compounds in good yields.
The possibility of recycling the catalyst was examined using the reaction of benzaldehyde, ethyl acetoacetate, and hydrazine hydrate under the optimized reaction conditions. After completion of the reaction, the reaction mixture was cooled to room temperature. The resulting solid was purified by recrystallization from ethanol (95%). The filtrate (consisting of ethanol, acidic ionic liquid and some other residual reactants or by-products) was further evaporated under reduced pressure to dryness and the resulting catalyst was reused directly for the next run without any further treatment. As can be seen from Table 3 , the catalyst was reused for successive reaction at least six times without any appreciable loss of catalytic activity. 4 ]. Next, the carbonyl carbon is attacked by the nucleophilic 3-methyl-1-phenyl-5-pyrazolone to form the Knoevenagel products. The subsequent addition of these fragments to 3-methyl-1-phenyl-5-pyrazolone, gives the 4,4′-(arylmethylene) bis(1H-pyrazol-5-ols) derivatives. 
CONCLUSION
In summary, this paper describes a convenient and efficient process for the solvent-free synthesis of 4,4′-(arylmethylene)bis(1H-pyrazol-5-ols) through the three-component coupling of aldehydes, ethyl acetoacetate and phenylhydrazine/hydrazine hydrate using [Et 3 NH][HSO 4 ] as a recyclable catalyst. High yields of products, short reaction time, easily available and cheap catalyst, simple experimental and isolation procedures, eco-friendly reaction conditions make this methodology a valid contribution to the existing processes in the field of 4,4′-(arylmethylene)bis(1H-pyrazol-5-ols) derivatives synthesis.
